In 27 patients randomized to receive commercial trivalent influenza vaccine (TIV) containing 15 mg of the hemagglutinin (HA) of influenza A (H3N2 and H1N1) and B virus or a recombinant vaccine (rHAO) containing 15, 45, or 135 mg of each HA, reactogenicity was minor. Among patients with similar prevaccination titers, 40% given 45 mg and 60% given 135 mg of rHAO developed an increase in influenza A/H3 neutralizing antibody levels; there were no increases in 4 given TIV. For each vaccine, the highest frequencies of increases in neutralizing antibody levels and the highest mean titers occurred in those given the 135-mg vaccine.
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Influenza can be a serious infection in patients with hematologic malignancy [1, 2] . The current Centers for Disease Control and Prevention recommendation for patients with cancer to receive standard influenza vaccine (SV) [3] is complicated by the fact that most patients with hematologic malignancy receiving antineoplastic therapy fail to exhibit protective immune responses; and, despite receiving appropriate vaccination, many patients may remain vulnerable to a debilitating influenza infection [4] [5] [6] .
A number of measures have been explored for improving responses to influenza vaccine, including a second vaccine dose to boost suboptimal responses that followed a single vaccination. At our institution, a second dose of SV was associated with a nearly 30% increase in responses among patients with non-Hodgkin B cell lymphoma (NHL) [6] . This benefit with 2 sequential vaccine doses, however, was not seen in a recent European study in patients with hematologic cancer [5] . Another approach for improving the response to vaccination might be to increase the antigen dose. Since the introduction of influenza vaccines, increasing the dosage of the hemagglutinin (HA) antigen has been shown repeatedly to increase serum antibody responses in a number of populations, but there has not been a dose-response evaluation in lymphoma patients [7, 8] . Recent studies of increasing dosage have employed purified and recombinant DNA (rDNA)-produced HA vaccines as a means of increasing the antibody responses without significantly increasing reactogenicity [9, 10] . A recent trial of an rDNA-produced HA vaccine in the elderly with the same vaccine used in this study demonstrated significant increase in antibody responses to the A/H3 component with increasing dosage, with only a mild increase in local reactogenicity from the highest dosage [10] . The present study sought to determine whether increasing the dosages of this same vaccine in patients with NHL would also improve vaccine responses.
Patients, materials, and methods. This study was approved by the institutional review boards of the M. D. Anderson Cancer Center (MDACC) and Baylor College of Medicine, Houston, Texas; written, informed consent was obtained from all patients. Patients were recruited from the adult lymphoma clinic at the MDACC between 23 August and 23 October 2004. They were randomized to receive either SV or 1 of 3 increasing concentrations of investigational recombinant vaccine. The vaccine was dispensed by MDACC's research pharmacy under a code. A serum specimen was obtained before and 4 weeks after vaccination. Patients' identifiable information was secured by creating a code, and all identifiers were secured at MDACC.
Patients were eligible if they had biopsy-proven NHL. The Ann Arbor stage was determined after review of all clinical, laboratory, histologic, and radiographic information. The histologic classification was based on the Revised European-American Classification of Lymphoid Neoplasms [11] . Only patients who had not received chemotherapy in the 3 months before enrollment were considered. They were ineligible if they were allergic to influenza vaccine or egg products or had undergone a splenectomy. Individuals who had received rituximab and parenteral immunoglobulin within the 6-month period before enrollment were also excluded from the study. Patients who had received systemic corticosteroids, other investigational vaccine, or antineoplastic medications in the 4 weeks before enrollment were excluded. Because of eligibility criteria and the inconvenience of repeated visits, only 27 subjects agreed to participate during the enrollment period. The SV used was commercially available split-virus TIV from a single lot containing 15 mg/0. Tests for hemagglutination inhibition (HAI) and neutralizing antibodies in serum samples were performed using methods described elsewhere [12, 13] . For the HAI antibody test, concentrations of reagents were altered, and an erythrocyte-adsorption step was added to permit a starting dilution of 1:4. A 4-fold increase in HAI or neutralizing antibody titers between before and 4 weeks after vaccination was considered to be a response to a vaccine. Geometric mean titers for each vaccine-dose group were calculated.
A diary card was provided to patients for self-documentation of adverse reactions that included soreness, tenderness, erythema, or swelling at the vaccination site; malaise, myalgia, feeling feverish, and actual fever were also recorded. Safety follow-up visits were at 7-10 days, a of days, and a mean mean ‫ע‬ SD 28 ‫ע‬ 4 ‫ע‬ SD of days after receiving vaccination. A final safety 56 ‫ע‬ 4 assessment was performed by contacting patients via telephone a of days after vaccination. mean ‫ע‬ SD 180 ‫ע‬ 14 Results. Fifteen subjects were men, and 12 were women; the average age was 55 years. Fourteen patients (52%) had diffuse-large B cell lymphoma; 4 (15%) each had follicular small cleaved cell and follicular lymphoma. T cell-rich B cell lymphoma, small lymphocytic lymphoma, marginal B cell lymphoma, and mantle cell and Burkitt cell lymphoma were present in 1 patient (4%) each.
Earlier antineoplastic therapy had consisted of cyclophosphamide, doxorubicin, vincristin, and prednisone (CHOP) in 13 patients (48%); 10 (37%) of these also received concurrent rituximab (monoclonal antibody with high affinity for CD20-expressing cells). Five patients (19%) had received hyper cyclophosphamide, mesna, doxorubicin, and vincristine plus rituximab. Three had been treated with rituximab plus fludarabine, mitoxantrone, and dexamethasone. Two patients (7%) each had received CHOP-etoposide, cisplatin, cytarabine, and methylprednisolone-mitoxantrone, vincristine, procarbazine, and prednisone; in 1 patient, rituximab had been added. One patient each had received rituximab plus granulocyte-macrophage colony-stimulating factor and bortezomib (Valcade; a proteasome inhibitor). Two patients (7%) had not received antineoplastic therapy.
The number of patients with an increase in serum antibody titer in relation to vaccine and dose is shown in table 1. There was a trend toward an increased antibody response frequency in the higher rHAO dose groups. The response frequencies were higher for A/H3 and A/H1 than for SV but not for influenza B; however, none of the differences were statistically significant. Shown in table 2 are neutralizing antibody increases for persons with similar prevaccination titers. Two (40%) of 5 patients who had received 45 mg and 3 (60%) of 5 given 135 mg of rHAO exhibited an increase in influenza A/H3 neutralizing antibody titer, compared with no increases in 4 patients in whom SV was given and only 1 (25%) of 4 for the 15-mg group. Moreover, the mean titers increased with increasing dosage. For influenza A/ H1, 2 (40%) of 5 patients who received SV and 2 (67%) of 3 who received 135 mg of rHAO developed a response. Neutralizing antibody responses for influenza B were not different in either recipients of SV (40%) or those who received 135 mg of rHAO (50%). Also, there was no clear dose response for the A/H1 and B antigens. However, the group with the highest antibody response frequency and the highest mean titer for each of the 3 viruses was the highest dose group (135 mg). Nonetheless, none of the differences were statistically significant.
All patients were followed for 6 months after vaccination, and no serious vaccine-related adverse reactions were noted. One patient given the 135-mg rHAO vaccine reported an acute respiratory illness without fever 3 days after vaccination that resolved in 14 days. Another patient given the 15-mg rHAO vaccine reported fever with malaise and myalgias for 3 days after immunization. Two patients given the 45-mg rHAO vaccine reported moderate malaise and myalgias for 1-3 days. Six other patients reported mild redness, tenderness, malaise, and/ or myalgias after vaccination; all 4 vaccines were represented.
Discussion. In this randomized dose-escalation study, increasing concentrations of recombinant vaccine were associated with an increase in serum antibody responses against influenza A. Although the numbers were small, the highest dose given, 135 mg of each antigen, induced the highest frequency of responses for all 3 viruses. In an earlier study among elderly persons with the same vaccines, a significant increase in HAI antibody response was seen with increasing dosage for the A/ H3N2 component [10] . The recombinant vaccine was safe, and no serious adverse reactions occurred in our patients with NHL.
The results of this pilot study are consistent with our hypothesis that impaired antibody responses to influenza vaccine among patients with B cell lymphoma may be improved by administering higher vaccine doses. Interestingly, this benefit appeared to be greater for levels of neutralizing antibody against influenza A than against influenza B. Responses to increasing doses of influenza B vaccine have been less apparent than for influenza A in other studies [14] .
Various strategies to improve vaccine responses have yielded inconsistent results in patients with underlying cancer [5, 6, 15] . In addition to increased dosages and number of doses, another possible strategy for enhancing postvaccination immune responses in immunocompromised patients may include use of bioadjuvants. Further studies are needed to determine the value of an approach that utilizes 1 or more methods to improve vaccine response in immunosuppressed patients with hematologic malignancy. The genetically engineered recombinant vaccine used in this study has the potential advantage of permitting increased dosages and sequential booster doses of cancer patients without significant reactogenicity. Further studies in cancer patients are planned.
